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© A manual transmission (11) is provided of the 
type including an input shaft (15) including an input 
gear (19), an output shaft (23), and a countershaft 
including a head gear (44). The countershaft in- 
cludes drive gears (41 , 42, and 43) while the output 
shaft has rotatably mounted thereon a plurality of 
driven gears (31 . 32, and 33) in toothed engagement 
with the drive gears. The head gear defines a set of 
internal splines (55), and the countershaft defines a 
set of external splines (57) which are in loose, splin- 
ed engagement to define a lost motion connection. 
The head gear defines a pair of cam surfaces (59), 
and the countershaft includes a pair of cam mem- 
bers (61) and a compression spring (63), operable to 
bias the cam members against the cam surfaces, 
and bias the countershaft toward a centered position, 
relative to the head gear. The head gear and coun- 
tershaft define a viscous damper portion (65) dis- 
posed separately from the lost motion means, in- 
cluding a viscous shear space (69), which is op- 
erable when filled with viscous fluid to dampen rela- 
tive rotation between the countershaft and the head 
gear. 
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MANUAL TRANSMISSION AND GEAR RATTLE DAMPER THEREFOR 



BACKGROUND OF THE DISCLOSURE 

The present invention reiaies to nr.ar.ua! trans- 
missions for vehicles, and more specifically, to a 
manual transmission of the type including a coun- 
tershaft which, under relatively light torques, is able 
to oscillate due to engine torque pulses transmitted 
by the input shaft. 

Oscillation of the countershaft, under light 
torque and light acceleration conditions, is consid- 
ered undesirable because of the possibility of 
"gear rattle", which can occur between any pair of 
meshed gears on the countershaft and output shaft 
through which no substantial amount of torque is 
being transmitted. 

The prior art has attempted to dampen such 
oscillations of the countershaft, and thereby elimi- 
nate gear rattle. U.S. Patent No. 4,677.868 dis- 
closes a manual transmission of the countershaft 
type in which the head gear and the countershaft 
are not formed integrally, but instead, the head 
gear is separate from the countershaft, but includes 
a set of splines which is in loose splined engage- 
ment with a second set of splines, such that the 
head gear is able to .transmit torque to the coun- 
tershaft through the loose spline connection. In the 
cited patent, the loose spline connection permits 
about one degree of relative rotation between the 
adjacent splines. The spline area is filled with vis- 
cous fluid, for the stated purpose of dampening 
torsional oscillations between the head gear and 
the countershaft. 

In the device of the '868 patent, however, when 
torque is transmitted to the head gear, under light 
torque and acceleration conditions, the splines as- 
sociated with the head gear will engage the adja- 
cent splines associated with the countershaft, with 
the only dampening being that which occurs as the 
fluid is pumped from between adjacent splines, as 
those splines move into engagement. However, 
with only about one degree of relative rotation 
possible in the splines, very little dampening can 
occur. 



SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present in- 
vention to provide an improved manual transmis- 
sion of the countershaft type, with substantially 
improved capability for dampening relative oscilla- 
tions between the head gear and countershaft, to 
prevent incipient gear rattle. 

A more specific object of the present invention 
is to provide an improved dampening mechanism 



which is less expensive, and in which the dampen- 
ing torque is less sensitive to manufacturing toler- 

The above and other objects of the present 
5 invention are accomplished by the provision of a 
manual transmission of the type including housing 
means, an input shaft rotatably supported relative 
to the housing means and adapted to receive input 
drive torque from a source of motive power, the 
io input shaft defining an axis of rotation. An output 
shaft is rotatably supported relative to the housing 
and is generally parallel to the input shaft. A coun- 
tershaft is rotatably supported relative to the hous- 
ing and has an axis of rotation generally parallel to 
? 5 the axes of the input and output shafts. An input 
gear has a set of peripheral gear teeth and is fixed 
to rotate with the input shaft. A head gear has a set 
of peripheral gear teeth in engagement with the 
gear teeth of the input gear and is fixed to rotate 
20 with the countershaft, and to transmit input drive 
torque thereto from the input shaft. A first drive 
gear has a set of peripheral gear teeth and is fixed 
to receive input drive torque from the countershaft 
and a first driven gear has a set of peripheral gear 
25 teeth in engagement with the gear of the first drive 
gear, The transmission includes means shiftable 
between a first position in which the first driven 
gear is operable to transmit drive torque from the 
first drive gear to the output shaft, and a second 
30 position in which the first driven gear is operable to 
freewheel relative to the output shaft. The transmis- 
sion further includes means for dampening the 
transmission of torsional oscillations or vibrations 
from the head gear to the countershaft. 
35 The transmission is characterized by the coun- 

tershaft and the head gear cooperating to define a 
lost motion means operable to limit the rotation of 
the head gear relative to the countershaft. The 
dampening means includes means biasing the 
40 countershaft toward a centered position relative to 
the head gear, wherein the countershaft is dis- 
posed between its rotational limits, relative to the 
head gear. The head gear and the countershaft 
cooperate to define a viscous damper portion dis- 
45 posed separately from the lost motion means, the 
viscous damper portion being operable when filled 
with viscous fluid to dampen relative rotation be- 
tween the countershaft and the head gear. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an axial view, partly in cross sec- 
tion and partly in plan view, showing a manual 
transmission of the type to which the present in- 



vention is applicable. 

FIG. 2 is a fragmentary view, similar to FIG. 
1. illustrating the viscous damper portion according 
to the present invention. 

FIG. 3 in a transverse cross-section taken on 
line 3-3 of FIG. 2, but on a larger scale, illustrating 
the lost motion means associated with the viscous 
damper portion. 

FIG. 4 is a graph of rotational velocity in 
rpm., as a function of time, for the head gear and 
countershaft, utilizing the present invention. 

FIG. 5 is a graph of rotational torque in ft.-lb., 
as a function of time, for one of the driven gears, 
while it is in a disengaged mode. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT . 

Referring now to the drawings, which are not 
intended to limit the invention, FIG. 1 is an axial 
view of a vehicle manual transmission generally 
designated 11. The transmission 11 includes sev- 
eral housing sections, all generally designated 13, 
the forward portion of which (left end in FIG. 1) 
receives an input shaft 15 which is rotatably sup- 25 
ported relative to the housing 13 by means of a 
bearing set 17. The transmission input shaft 15 
receives input drive torque from the vehicle engine 
crankshaft (not shown) in a manner well known to 
those skilled in the art. • 30 

Formed integrally with the input shaft 15 is an 
input gear 19, which is somewhat hollow, and has 
disposed therein a bearing set 21 . Received within 
the bearing set 21. and rotatably supported there- 
by, is the forward end of the transmission output 35 
shaft 23. the rearward end of which is rotatably 
supported by the housing 13 within a set of bear- 
ings (not shown). In the subject embodiment, the 
input shaft 15 and the output shaft 23 are coaxial, 
although that is not an essential feature of the 40 
present invention. 

Also disposed within the housing 13 is a trans- 
mission countershaft 25, having its axis of rotation 
parallel to the axes of input shaft 15 and output 
shaft 23. The forward end of the countershaft 25 is 45 
rotatably supported within the housing 13 by 
means of a bearing set 27, while the rearward end 
of the countershaft 25 is similarly supported (not 
shown). 

Referring still to FIG. 1, rotatably disposed on 50 
the output shaft 23 is a first speed driven gear 31, 
a second speed driven gear 32 and a third speed 
driven gear 33. Each of the driven gears 31, 32 and 
33 is mounted to be freely rotatable relative to the 
output shaft 23 by means of suitable sets of needle 55 
bearings 35, 37 and 39, respectively. 

The countershaft 25 includes a first speed 
drive gear 41 , a second speed drive gear 42, and a 



third speed drive gear 43. As is shown in FIG. 1, 
the drive gears 41, 42 and 43 are in toothed 
engagement with, and operable to drive, the driven 
gears 31, 32, and 33. Preferably, the drive gears 
41 , 42 and 43 are formed integrally with the coun- 
tershaft 25. 

Disposed toward the forward end of the coun- 
tershaft 25 is a driven gear 44, which is more 
typically referred to as the "head gear". In a typical 
prior art manual transmissions of the type shown in 
FIG. 1, the head gear 44 would also be formed 
integrally with the countershaft 25. although it is 
now known from U.S. Patent No. 4,677,868 for the 
head gear 44 to be separated from the countershaft 
25, and to have the ability to rotate relative thereto 
by a small amount. 

Surrounding the output shaft 23, and disposed 
axially between the first and second speed driven 
gears 31 and 32 is a first and second speed 
synchronizer mechanism 47, adapted to be op- 
erated by a shift fork 49. Similarly, surrounding the 
output shaft 23. and axially disposed between the 
third speed driven gear 33 and the input gear 19 is 
a third and fourth speed synchronizer mechanism 
51, adapted to be operated by a shift fork 53. As is 
well known to those skilled in the art. if the shift 
fork 49 is moved to a position which is operable to 
select first speed operation of the transmission, the 
synchronizer mechanism 47 is moved into frictional 
engagement with an adjacent frictional surface of 
the first speed driven gear 31. When there is 
synchronization of the speeds of the output shaft 
23 and the driven gear 31, a splined coupling 
connects the synchronizer mechanism 47 (and 
thus, also the output shaft 23) to the driven gear 
31. Because the synchronizer mechanism 47 is in 
splined engagement with the output shaft 23. such 
actuation of the mechanism 47 results in the first 
speed driven gear 31 being fixed to drive the 
output shaft 23. Therefore, when first speed opera- 
tion has been selected by appropriate positioning 
of the shift fork 49, input torque is transmitted from 
the input shaft 15 through the input gear 19 to the 
head gear 44 which, in turn, transmits torque 
through the countershaft 25 and the first speed 
drive gear 41 to the first speed driven gear 31, and 
then to the output shaft 23 as described above. 

Similarly, if the shift fork 49 is positioned to 
select second speed operation of the transmission, 
then the synchronizer mechanism 47 is moved to 
the left in FIG. 1. to engage the second speed 
driven gear 32, and torque is transmitted as de- 
scribed above except that torque is then transmit- 
ted from the countershaft 25 and the second speed 
driven gear 32 to the output shaft 23. Positioning of 
the shift fork 53 to move the third and fourth speed 
synchronizer mechanism 51 to engage either the 
third speed driven gear 33 or the input gear 19 will 
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result in operation of the transmission in either third 
speed or fourth speed, respectively. As will be 
apparent to those skilled in the art, having the 
synchronizer mechanism 51 engage the input gear 
19 for fourth speed operation results in a 1:1 rela- 
tionship between tho input shaft 15 and the output 
shaft 23. 

Referring again to second speed operation, by 
way of example only, torque is being positively 
transmitted from the countershaft 25 through the 
peripheral teeth on the second speed drive gear 42 
to the peripheral teeth on the second speed driven 
gear 32, to transmit input torque to the output shaft 
23. While torque is being transmitted as described 
above, the first speed drive gear 41 remains in 
toothed engagement with the first speed driven 
gear 31. while the third speed drive gear 43 re- 
mains in toothed engagement with the third speed 
driven gear 33. However, the only torque being 
transmitted from those drive gears to their respec- 
tive driven gears is that required to overcome the 
friction of the needle bearings 35 and 39. There- 
fore, variations or oscillations in the speed of rota- 
tion of the input shaft 15 are transmitted to the 
countershaft 25 and to the first and third speed 
drive gears 41 and 43. If these oscillations are 
substantial (e.g., t 10 rpm.). each tooth on the 
drive gears 41 and 43 will tend to come out of 
contact with the adjacent tooth which is driving on 
the driven gear 31 and 33, respectively. The result 
of such periodic loss of, or tendency to lose, tooth 
contact is incipient gear rattle, i.e., a tooth on a 
drive gear comes out of engagement with the adja- 
cent tooth on the driven gear and engages an 
adjacent, trailing tooth on the driven gear. Because 
of the very light torques being transmitted through 
these "non-driving" drive and driven gears, such 
oscillations in the speed of rotation of the input 
shaft can be transmitted into an oscillatory type 
movement of the driven gears which are then free- 
wheeling, and the resulting bouncing or rattling of 
the "non-driving" drive and driven gears causes a 
very undesirable noise within the transmission 
which is typically audible to the vehicle operator. 



FIGS. 2 and 3 



Referring now to FIG. 2, there is illustrated an 
axial cross-section through the countershaft 25 and 
head gear 44, illustrating a damper portion made in 
accordance with the present invention. As was 
mentioned previously, it has been typical in prior 
art transmissions for the head gear 44 to be in- 
tegral with the countershaft 25. as are the other 
drive gears 41. 42 and 43. However, in accordance 
with one aspect of the present invention, the head 



gear 44 is formed separately from the countershaft 
25 but is "fixed" to the countershaft by 25 by some 
form of lost motion means which is operable to 
permit a certain predetermined amount of relative 

5 rotation between the head gear 44 and the coun- 
tershaft 25, but at the same time, is operable to 
transmit the full input torque from the head gear 44 
to countershaft 25. In the subject embodiment, the 
head gear 44 defines a set of internal splines 55. 

w and in engagement therewith, the countershaft 25 
defines a set of external splines 57, the splines 55 
and 57 being sized relative to each other to provide 
for a predetermined amount of lost motion. In the 
subject embodiment, the head gear 44 is able to 

is rotate about 5 degrees relative to the countershaft 
25. 

Referring now primarily to FIG. 3. it may be 
seen that at two diametrically-disposed locations, 
the splines are replaced by a centering mecha- 
20 nism. At each such location, the head gear 44 
defines a pair of angled cam surfaces 59, and in 
engagement with each of the cam surfaces 59 is a 
cam member 61. Each cam member 61 is biased 
toward its radially outermost, position by a helical 
25 ' compression spring 63. It will be understood by 
those skilled in the art that the interaction of the 
cam surface 59 and the member 61 and spring 63 
will serve the same general function as a pair of 
torsional springs, tending to keep the head gear 44 
30 centered relative to the countershaft 25, i.e.. each 
spline 55 is centered between the adjacent pair of 
splines 57. The purpose of this biasing and center- 
ing function, as it relates to the damper mechanism 
of the present invention: will be described subse- 
35 quently. It should be understood that as used here- 
in, the term "centering" means merely that each of 
the splines 57 is out of engagement with each of 
the adjacent splines 59, but does not necessarily 
means that each spline 57 is evenly spaced be- 
40 tween the adjacent splines 59. 

Referring again primarily to FIG. 2, the head 
gear 44 includes a generally annular or cylindrical 
damper portion 65 extending to the right of the 
head gear 44, is preferably formed integrally there- 
45 with, and defines a generally cylindrical inner sur- 
face 66. The cylindrical damper portion 65 is dis- 
posed to surround a portion of the countershaft 25, 
between the head gear 44 and the third speed 
drive gear 43, which defines a generally cylindrical 
so outer surface 26. The countershaft 25 defines a 
pair of annular grooves in which are disposed a 
pair of seals 67. The outer cylindrical surface of the 
countershaft 25, between the seals 67, cooperates 
with the inper cylindrical surface of the damper 
55 portion 66 to define a viscous shear space 69. 
When the shear space 69 is filled with a suitable 
viscous fluid, such as a silicone oil, shearing of the 
viscous fluid in the shear space 69 dampens os- 



dilations or variations in the speed of the coun- 
tershaft 25. 

Referring again primarily to FIG. 2. the coun- 
tershaft 25 defines an axial bore 71, which is in 
open communication with a pair of angled bores 
73. The purpose of the bores 71 and 73 is to 
permit filling of the shear space 69 with viscous 
fluid prior to assembly of the transmission. After 
the shear space, and at least part of the angled 
bores 73, has been filled with viscous fluid, a plug 
member 75 is threaded into the end of the axial 
bore 71, to retain the viscous fluid therein. 

When input torque is transmitted from the input 
shaft 15 through the input gear 19 to the head gear 
44, the normal oscillations in the speed of rotation 
of the input shaft are transmitted to the head gear 
44. The arrangement of cam members 61 and 
springs 63 continually tends to bias the counter- 
shaft 25 toward a predetermined position, such as 
the centered position shown in FIG. 3. However, 
the oscillations in the speed of rotation of the head 
gear 44 also tend to be transmitted to the coun- 
tershaft 25 and can even be increased in amplitude 
by the cam and spring arrangement of FIG. 3 (i.e., 
could be increased in the absence of any damp- 
ing). It has been found that the viscous damping 
provided by the viscous fluid in the shear space 69 
is effective to dampen the variations in the speed 
of rotation of the countershaft 25 to be substantially 
less than the variations in the speed of rotation of 
the head gear 44, 

As mentioned previously, the gear rattle prob- 
lem occurs only when a relatively small amount of 
torque is being transmitted through the head gear 
to the countershaft. Therefore, in selecting the 
spring 63, it is necessary to know the approximate, 
maximum torque level at which incipient gear rattle 
occurs, for that particular transmission design. With 
this "maximum" torque level known, the spring 63 
should be selected to satisfy the following two 
criteria: 

(1) At torque levels below the "maximum", 
the spring 63 should permit relative movement of 
the head gear 44 and countershaft 25, but should 
have sufficient biasing force such that the relative 
motion does not result in engagement of the 
splines 55 and 57; and 

(2) At torque levels above the "maximum", 
the spring 63 should permit enough relative motion 
such that the splines 55 engage the splines 57 and 
the head gear 44 drives the countershaft 25. 



FIG. 4 



In order to illustrate the effect of the present 
invention in damping variations in speed of the 



countershaft 25, and eliminating gear rattle, a com- 
puterized mathematical simulation was performed. 
For purposes of the stimulation, it was assumed 
that the viscous shear space 69 was filled with 

5 viscous fluid having a viscosity of 30,000 cen- 
tistokes, at a temperature of 300° F. it was further 
assumed that the input shaft 15 was rotating at a 
speed of 700 rpm., ± 16 rpm., which is believed by 
the assignee of the present invention to be typical 

10 in situations of relatively low torque and light accel- 
eration. 

Referring now to the graph of FIG. 4. there is 
illustrated a graph of speed of rotation in rpm. 
versus time, and in the case of the simulation 

is described above, each graph represents the os- 
cillations about the mean speed of 700 rpm. The 
graph labeled "44" illustrates the variations in the 
speed of rotation of the head gear 44, which are 
transmitted, without substantial change other than 

20 due to gear ratio, from input shaft 15. As men- 
tioned previously, these variations were assumed, 
to be ± 16 rpm. The other graph is labeled "25" 
and represents the variations in the speed of rota- 
tion of the countershaft 25, downstream of the 

25 damper portion of the present invention. The math- 
ematical simulation of the present invention deter- 
mined that the variations in the speed of rotation of 
the countershaft would be approximately t 2 rpm., 
which is approximately one eighth of the variations 

30 in the inpot speed. 



FIG. 5 

35 

Referring now to FIG. 5, there is illustrated a 
graph of torque in ft.-lb., as a function of time, and 
the graph is labeled "31". because the graph re- 
presents the torque transmitted from the coun- 

40 tershaft 25 to the first speed driven gear 31. Inher- 
ently, the torque curve in FIG. 5 varies about a 
mean torque value (in the subject embodiment, 
.0068 ft-lbs.) which represents the torque to over- 
come bearing friction, i.e.. the friction in the needle 

45 bearings 35. With the damping provided by the 
damper portion of the present invention, the math- 
ematical simulation verified, as shown in FIG. 5 that 
the first speed drive gear 41 would maintain a 
small but fairly constant and positive torque on the 

so first speed driven gear 31. As may be seen in FIG. 
5. the mathematical simulation indicates that the 
torque on the first speed driven gear 31 never 
drops below approximately .0061 ft.-lbs., which 
typically would be sufficient to avoid gear rattle. 

55 This is important because, as described previously, 
if the torque transmitted to any one of the "non- 
driving" driven gears approaches zero, the result 
will be incipient gear rattle. Therefore, it is an 
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important aspect of the present invention that the 
substantial reduction in the variation in the rota- 
tional speed of the countershaft 25 will greatly 
minimize the variations in torque transmitted to the 
"non-driving" driven gear 31, thus keeping a mini- 

. „ a ..„i..~ for onmmh ahnvfi 7fir0 to avoid 

ilium iui v^uo »uiuw '«-»■ — »• ■ 

gear rattle. 

It is another important aspect of the present 
invention that the damping of the oscillations be 
accomplished by true viscous shear, rather than by 
forcing fluid through a dashpot or displacing fluid 
from between adjacent splines as in U.S. Patent 
No. 4,677.868. In the case of either dashpot damp- 
ing or "pumping" fluid between adjacent splines, it 
is critical to maintain tolerances very precisely, i.e., 
slight changes in certain dimensions can result in a 
substantial change in damping torque. When true 
viscous shear damping is accordance with the 
present invention, it is relatively simple and in- 
expensive to maintain the necessary tolerances on 
the surfaces which define the viscous shear space 
69. 

The invention has been described in great de- 
tail in the foregoing specification, and it is believed 
that various alterations and modifications of the 
invention will become apparent to those skilled in 
the art from a reading and understanding of this 
specification. It is intended that all such alterations 
and modifications are included in the invention, 
insofar as they come within the scope of the ap- 
pended claims. 



Claims 

1. A manual transmission (11) of the type in- 
cluding housing means (13), an input shaft (15) 
rotatably supported relative to said housing means 
and adapted to receive input drive torque from a 
source of motive power, and defining an axis of 
rotation: an output shaft (23) rotatably supported 
relative to said housing means and defining an axis 
of rotation generally parallel to said input shaft; a 
counter shaft (25) rotatably supported relative to 
said housing means and having an axis of rotation 
generally parallel to said axes of said input and 
output shafts; a head gear (44) being fixed to rotate 
with said countershaft, and to transmit input drive 
torque thereto from said input shaft; a first drive 
gear (41) having a set of peripheral gear teeth and 
being fixed to receive input drive torque from said 
countershaft; a first driven gear (31) having a set of 
peripheral gear teeth in engagement with said gear 
teeth of said first drive gear; means (47) shiftable 
(49) between a first position in which said first 
driven gear is operable to transmit drive torque 
from said first drive gear to said output shaft, and a 
second position in which said first driven gear is 



operable to free-wheel relative to said output shaft; 
and means for dampening the transmission of tor- 
sional vibrations from said head gear to said coun- 
tershaft, characterized by: 
5 (a) said countershaft and said head gear 

cooperating to define lost motion means (55,57) 
operable to limit the rotation of said head year 
relative to said countershaft; 

(b) means (59.61.63) biasing said counter- 
to shaft toward a centered position relative to said 

head gear, wherein said countershaft is disposed 
between its rotational limits, relative to said head 
gear; and 

(c) said head gear and said countershaft 
15 cooperating to define a viscous damper portion 

(65). disposed separately from said lost motion 
means, and viscous damper portion being operable 
when filled with viscous fluid (69), to dampen rela- 
tive rotation between said countershaft and said 

20 head gear. 

2. A manual transmission as claimed in claim 1 
characterized by said* lost motion means compris- 
ing said head gear (44) defining a set of internal 
splines (55) and said countershaft defining a set of 

25 external splines (57) in relatively loose splined en- 
gagement with said internal splines. 

3. A manual transmission as claimed in claim 2 
characterized by said internal splines (55) and said 
external splines (57) being configured to provide 

30 approximately five degrees of rotational lost motion 
between said head gear (44) and said countershaft 

(25). , . . 

4. A manual transmission as claimed in claim 1 
characterized by said biasing means comprising 

35 one of said head gear (44) and said countershaft 
(25) defining a cam surface (59), said biasing 
means further comprising a cam member (61) and 
means (63) biasing said cam member into engage- 
ment with said cam surface. 
40 5. A manual transmission as claimed in claim 4 

characterized by said biasing means (63) providing 
sufficient biasing force to maintain said head gear 
(44) and said countershaft (25) between said rota- 
tional limits when said input drive torque being 
45 transmitted from said head gear to said coun- 
tershaft is low enough to permit incipient gear rattle 

to occur. , 

6. A manual transmission as claimed in claim 4 
characterized by said biasing means (63) being 
so selected to permit rotational movement of said 
countershaft (25) relative to said head gear (44). 
said rotational movement comprising substantially 
all of the available movement between said rota- 
tional limits. 

55 7. A manual transmission as claimed in claim 1 
characterized by said viscous damper portion (65) 
comprising said countershaft (25) defining a gen- 
erally cylindrical outer surface (26) and said head 



gear (44) including a generally b cylindrical inner 
surface (66), said outer surface (26) and said inner 
surface (66) cooperating to define a viscous shear 
space (69). 

8. A manual transmission as claimed in claim 7 
characterized by said countershaft (25) defining 
passage means (71, 73) providing communication 
from the the outside of said countershaft to said 
viscous shear space (69), whereby said passage 
means is operable to provide viscous fluid reservoir 
means for said viscous shear space. 

9. A manual transmission (11) of the type in- 
cluding housing means (13), an input shaft (15) 
rotatably supported relative to said housing means 
and adapted to receive input drive torque from a 
source of motive power, and defining an axis of 
rotation; an output shaft (23) rotatably supported 
relative to said housing means and defining an axis 
of rotation generally parallel to said input shaft; a 
countershaft (25) rotatably supported relative to 

• " said housing means and having an axis of rotation 
generally parallel to said axes of said input and 
output shafts; an input gear (19) having a set of 
peripheral gear teeth and being fixed to rotate with 
said input shaft; a head gear (44) having a set of 
peripheral gear teeth in engagement with said gear 
teeth of said input gear, and being fixed to rotate 
with said countershaft, and to transmit input drive 
torque thereto from said input shaft; a first drive 
gear (41) having a set of peripheral gear teeth and 
being fixed to receive input drive torque from said 
countershaft; a first driven gear (31) having a set of 
peripheral gear teeth in engagement with said gear 
teeth of said first drive gear; means (47) shiftable 
(49) between a first position in which said first 
driven gear is operable to transmit drive torque 
from said first drive gear to said output shaft, and a 
second position in which said first driven gear is 
operable to free-wheel relative to said output shaft; 
and means for dampening the transmission of tor- 
sional vibrations from said head gear to said coun- 
tershaft, characterized by: 

(a) said countershaft defining a set of exter- 
nal splines, and said head gear defining a set of 
internal splines in loose splined engagement with 
said set of external splines; 

(b) means (59,61,63) biasing said counter- 
shaft toward a centered position relative to said 
head gear, wherein each of said external splines on 
said countershaft is approximately centered be- 
tween the two adjacent internal splines on said 
head gear; and 

(c) said head gear having a generally annular 
damper portion (65) fixed for rotation with said 
head gear, said damper portion being disposed in 
surrounding relationship relative" to at least a por- 
tion of said countershaft, axially disposed from said 
external splines, to define a viscous shear space 



between said countershaft and said damper por- 
tion. 
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